Abstract-This research aims to develop a digital multimedia interactive book for supporting the learning of industrial metrology and to examine the worthiness/value of the produced digital multimedia interactive book. It employs the approach of research and development. The design of the digital multimedia interactive book is implemented in some development stages: (1) material data collection, (2) planning, (3) making a prototype, (4) pilot test with respondents of multimedia experts and experts of industrial metrology, (5) improvement of the prototype, (6) application to students, (7) improvement of the final product. The final product of this research is a software multimedia digital interactive book which can be used to help students learn industrial metrology measurement. With this software, students can learn about industrial metrology whenever and wherever they are. Therefore, it can improve their competency, especially in the measurement.
I. INTRODUCTION
The development of computer has contributed significantly to education, which encourages its uses in the education field. One of the uses is computer as instructional media, because the commonly learning process is still conventional, which cannot effectively attract students" attention.
The existence of computer has integrated various media in one form of learning, that is computer-assisted instructions (CAI) have been widely used in modern education, such as instructional method design, course content delivery, and e-learning [1] . Various computerbased learning models have been developed in accordance with the development of computer technology, such as computer assisted learning (CAL), computer based training / learning (CBT/L), multimedia-based learning (MBL), web-based training/learning (WBT/L), and reviews on online learning and e-learning. Basically, the various uses/terms are based on one concept, that is the utilization of computer technology as the basis of multimedia technology for the development of teaching media models [2] .
Paltimer [3] compared calculus learning with computer to conventional learning. He found that the result of the computer-based learning is better than conventional learning. However, not all learning activities must be done with an ICT-based approach. Some activities should be implemented using the conventional approach.
The materials of industrial metrology consist of theories and practices. The theories and practices are integrated and supplementing each other. In the learning process, the theories and practices are given separately. The learning of industrial metrology should make use of many teaching/learning media, because it emphasizes the psychomotor and cognitive abilities of students.
To address such an aspect, learning media which cover students" learning needs and give more learning experience are needed. Interactive learning media in the forms of texts, visuals, and simulations can help students obtain more knowledge, more understandings of concepts and applications of the obtained knowledge. Dynamic interactive learning media are used in the learning process because they have the ability to explain complex materials/contents. They can be arranged so that students autonomously learn the materials. Theories, practices, authentic materials in the forms of texts and visuals included in the media, so that students get real learning experience.
Interactive learning media can be used wherever and whenever without the presence of lecturers. Thus, it is expected that the media eliminate the barriers of learning often experienced by lecturers and students, especially in the process of learning in classrooms and in autonomous learning.
II. RELATED WORKS

A. The Definition and Advantage of using Multimedia
In the taxonomy of educational technology, learning multimedia can be defined as the integration of various multimedia instruments/tools which are used for presentation. In the 90s, the concept of multimedia development into the integration of more than one media, texts, graphics, sounds, videos, and animations, where students can control the delivery of various multimedia elements [4] .
Multimedia are instruments that can create dynamic and interactive presentations which combine texts, graphics, animations, audios and videos. Specifically, multimedia refers to the use of computers to make and integrate texts, audio graphics, moving animations and videos by using link tools which enable users to navigate, interact, create and communicate [5] . According to [6] , multimedia have a purpose to present information in ways that are fun, interesting, understandable, and clear. Information will be easily received because many senses are used, especially intelligences of hearing and sight. Previous studies have confirmed that there was computerbased education has generally had a positive effect on the academic achievements [7, 8] .
Agnew [9] implicitly state multimedia as "[a] disk, unlike a shoe box, gives students instant access to any desired contents, with instant access, students can organize the information that they create for the project by linking together related pieces of information. In fact, to qualify as true multimedia, a project must not only use several of the five media, however must also use links to be interactive".
B. Learning
Dominic and Francis [10] noticed that "learning is a two phase process that involves reception and processing of the information received. Reception involves the various senses to gather information from external sources, whereas the processing involves internal activity like memorization, induction, deduction, introspection, reflection". Rajendran and Veilumuthu [11] argued that every student has a learning style and it"s their own way to which learners perceive and process information. There are three groups of learning styles, including: visual learners gain knowledge through visual inputs, auditory learners learn through listening, and kinesthetic learners learn through experiments and exploration [12] . 
C. The Elements of Multimedia
The term "multimedia" derives from two words, "multi" which means more than one and "media" which means communication instrument/tool. Studding several models and approach to the learner, [13] argued that a combination between several methods were needed that will help for a complete modeling. Consequently, multimedia can be understood as communication instruments/tools using various media. The media can include pictures, sounds, animations, and texts [14] .
1) Texts
Texts are an important part of multimedia, because they are media which can deliver information and help to complete information needed by users which cannot be delivered only by using images. By integrating images, animations, texts, videos, and sounds, interactive and communicative information will be obtained.
2) Sounds
In multimedia information technology, soundcard plays a very important role in the design of a multimedia application. By using soundcard, computers can convert analog sound data to digital sound data saved to sound files. Some standard formats of sound files include wave for audio, musical instrument digital interface (midi), and MP3.
3) Graphics
Graphics are often used as backgrounds for texts, providing frames to the texts. They can also be used as icons. Integrated with texts, the icons can show options which can be selected [5].
4) Images
Basically, image formats in interactive learning multimedia can be represented into two types: bitmap and vector. Vector images are not stored in the vector forms, but in the forms of the instructions mentioned as algorithms, which determine the forms of curves, graphics, and various shapes. One of the advantages of vector images is that they are scalable; they can be used for further editing, either for enlarging or shrinking without changing the color or resolution.
On the other hand, bitmap images are reconstructions of the real images. Bitmap images are stored in dots on a computer screen. The whole pictures are represented as pixels. The weakness of bitmap images is that we cannot perform editing as the images depend on the actual images and the resolution cannot be enlarged.
The difference between the two formats is that bitmap files contain RGB color information in every pixel, while vector files do not contain RGB color information. In bitmap files, the color variation can be directly observed. However, the more color information the files have, the bigger the memory byte is needed for storing the bitmap files.
5) Clip Art
Making graphics by hands will be tiring and needs much time. To save the time, there are many clip art graphics available, which can be used for the multimedia. In the clip art graphics, there are many images available, such as photos, animations, icons, buttons, and lines [5]. Animations are the changes from one picture to other pictures, which produce certain movements. Animations reflect the art of graphics which imitate movements and contain sounds/voices. There are two types of animations: case based and frame based.
6) Animations
Case based animations are also called object animations, which refers to the form of animations in which every object is an independent element having an arrangement of pictures, sizes, colors, and speeds. Animations are determined by the placements and movements of objects in every animation frame. On the other hand, frame based animations refer to layers or frames shown in a sequence speed. The changes of frames, from one frame to another, will produce animations. Each frame can be formed into a unique shape, because the changes are shown as real images which can be seen within certain periods [14] .
D. Multimedia development
There are four basic stages in developing instructional multimedia, including: planning, instructional design, prototype, and test [15] . Studied from previous research, Hadi [16] noted six phases of developing multimedia, namely: concept, design, material collecting, assembly, testing, and distribution. 
III. RESEARCH METHOD AND DEVELOPMENT
A. Research and Development Model
This research employs the approach of research and development. The development stages of the multimedia include: (1) material collection, (2) planning, (3) production of a prototype, (4) pilot test, (5) improvement of the prototype, (6) field test, and (7) improvement of the final/operational product.
B. The Procedure of Research and Development
The research and development procedure of the digital interactive book can be explained as follows:
1) Material Collection
Material collection refers to the collection of industrial metrology courses materials which will be included in the multimedia. The sources used include various industrial metrology books and the internet. Therefore, materials more focused on industrial metrology.
2) Planning
After the data had been collected, the next stage was planned. At this stage, some activities were done:
(a) Data design
This refers to the transformation of information obtained from the collected materials, the industrial metrology files to soft files. Therefore, it would be easy to include the files in the multimedia;
(b) Architecture's design
This was in the form of a diagram with symbols illustrating the processes and the relationships between the processes in details; 
(c) Interface design
The stage refers to the description/illustration of the program structure. The interface was designed to enable easy translation to the programming language. It was designed based on the flowchart.
3) Production of a Prototype
Based on the planning, the next stage done was implementing the program into graphic interface by using Macromedia Flash 8 Professional. Picture animations and texts about the metrology industry are displayed on the pad screen.
4) Pilot Test
The pilot test was done to examine the worthiness/value of the multimedia designed by involving one material/subject expert and one multimedia expert.
5) Improvement of the Prototype
Based on feedback and revisions from the experts, the next step was improving the prototype of the multimedia.
6) Field Test
The field test involved students as the users of the industrial metrology multimedia. The questionnaire distributed to the students include: (a) interface performance, (b) ease of operation, (c) navigation effectiveness, and (d) benefits of the multimedia.
7) Improvement of the Final/Operation Product
The final improvement was done after the field test. Therefore, the final version of the multimedia can be used for the learning of industrial metrology.
C. Product Evaluation 1) Design Evaluation
After the interactive book software had been designed, a test to evaluate its values was conducted. Some aspects which were evaluated include: the quality of materials, effectiveness of interface design, ease of operation, format, organization, effectiveness of navigation, and benefits.
2) Subjects
There were three subjects involved: material expert, multimedia expert, and students. The material/subject expert was a lecturer teaching industrial metrology or measurement, while the multimedia expert was a lecturer of learning multimedia.
3) Types of Data
The data were quantitative data obtained using the questionnaire. The data were used to evaluate the conformity of the designed media and the objective of the research, as well as to determine the worthiness/value of the industrial metrology multimedia. The respondents involved in the data collection were the multimedia expert, the material/subject expert, and users. Further, the obtained data were analyzed and described.
4) Data Collection Instruments
This research employed an implemented/used evaluation, in which the evaluation was done during the implementation/use of the multimedia. The obtained results were used for data analysis. The data were obtained from the multimedia expert, material/subject expert, and students. The following aspects were used to evaluate the developed digital interactive book. The instrument for the multimedia expert was evaluated based on the following constructs: effectiveness of screen, ease of operation, consistency, format, organization, navigation effectiveness, and benefits. The instrument framework was used to validate the worthiness/value of the media, and assessed based on the interface design. The framework presented in the table 2.
a) Instrument for the Multimedia Expert
b) Instrument for the Material/Subject Expert
An instrument for the material/subject experts is based on the following aspects: material quality and benefits of the materials. The framework is presented in the table 3.
c) Instrument of the Use of Learning Multimedia by Students
Instrument of the use of the learning multimedia includes the following aspects: interface, operation, and benefits. This instrument was given to students. The framework of the instrument is presented in the following table. 4. Material benefitsAssistance in training -Helping students understand -Giving attention focus Media operation -Ease of operation -Navigation 3.
Benefits -Helping students learn -Improving motivation and attention
5) Data Analysis Technique
The data analysis technique used in this research is descriptive analysis. The analysis was done by describing the obtained data without making generalization [17] . To determine the worthiness/value of the learning media, 4 rating scale was used. The result of the category is from the addition of score n x the number of respondents" x the number of points, where n=value given by the respondents.
IV. RESULTS
A. Data Analysis
The worthiness of the designed media is valued based on the results of the questionnaire distributed to the material/subject expert, learning multimedia expert, and students. The results are presented in this section.
Students' Evaluation
Based on the results of the evaluation, it is found that the percentage of the multimedia in terms of the interface of the media is 82.68%, the operation aspect 90.75%, and benefit 87.92%. Overall, the value given by the students is 86.42%. Therefore, the multimedia can be valued as "very worthy" (table 5).
Material Experts' Evaluation
Based on the results of the material expert"s evaluation, it is found that the percentage of the multimedia in terms of the material quality is 77.94%, and benefit 87.50%. Overall, the value given by the material expert is 78.95%. Therefore, the multimedia can be valued as "very worthy" to be used in learning (table 6). 
Multimedia Expert's Evaluation
Based on the results of the multimedia expert"s evaluation, it is found that the percentage of the multimedia in terms of the interface is 77.27%, ease of operation 87.50%, consistency 83.33%, format 84.38%, organization 83.33%, navigation effectiveness 83.33%, and benefit 87.50%. Overall, the value given by the multimedia expert is 82.42%. Therefore, the multimedia can be values as "very worthy" (table 7). 
B. Product Modification
Based on the feedback from the material expert, the multimedia expert, and students, there are some aspects of the multimedia which need to be revised, such as the interface/screen design and font used. The result of the revision is presented in the figure 5 to figure 9.
V. CONCLUSIONS AND SUGGESTIONS
A. Review of the Revised Product
Based on the research and development, it is revealed that the design of the digital interactive book for the learning of industrial metrology was conducted through some stages: (1) early data collection, (2) planning, (3) early production or production of a prototype, (4) pilot test, (5) improvement of the prototype, (6) field test, and (7) improvement of the final/operational product. In the planning stage, there were some aspects designed: (a) data design, (b) design of architecture, and (c) interface design. The digital interactive book for the learning of industrial metrology belongs to the category of audio visual learning media because it displays texts, images, and measurement simulation at the same time. Based on the statements obtained from 20 students and 2 expert lecturers, as well as from other evaluations, it is found that the learning multimedia are interesting, can be easily understood, easy to operate, having explanations of each aspect according to the manual book, and having good images. This can be seen from the results of the questionnaire which was distributed to the 20 students and the 2 expert lecturers. The designed multimedia can be said as "very worthy".
B. Suggestions
The digital interactive book multimedia designed for the learning of industry metrology can be valued as "very worthy". Therefore, in the process of teaching-learning of industrial metrology, students and lecturers can use the digital interactive book. With the designed multimedia, students can easily learn industrial metrology whenever and wherever they are. It is because the simulation of the use of measurement instruments/tools has been included in the multimedia. This will help students understand the materials of industrial metrology.
There are two interactive measurements instruments/tools in the simulation of the digital interactive book, which are a caliper and a micrometer. Other instruments/tools are still in the forms of noninteractive texts. Therefore, in the development of the multimedia, more simulations of interactive measurement instruments/tools need to be included. 
